M L- HDBK- 1191
SECTI ON 10: ELECTRI CAL

10. 1 GENERAL. This section provides Departnent of Defense (DOD) policy
and gui dance for planning, designing and construction of electrical power and
illum nation systens for Mlitary Medical and Dental Treatnent Facilities
(MIF's). The words "WLL" and "SHALL" identify mandatory policy and

requi renents, where the words "Shoul d" or "May" identify guidance.

10.1.1 CRITERI A

10.1. 1.1 SCOPE. The latest version of the general electrical and
illumnating criteria and standards are referenced at "Applicabl e References,
TABLE 10.1." Special DOD electrical criteria, standards and policy for nedical
facilities are covered in this chapter. Were criteria and standards for
general and specific conditions and problens are not covered, acceptable

i ndustrial standards shall be foll owed.

10.1.1.2 PONER SUPPLY CRITERIA FACTORS. Mlitary facilities are generally
classified as mssion essential or mssion support. The designer will
verify with the Design Agent the facility classification and design
requirenents to achi eve the necessary degree of reliability, durability,

mai ntai nability, efficiency, and econony as appropriate for the types of
facilities delineated in M L-HDBK-1190 before conmenci ng desi gn

a. RELI ABI LITY. M ssion classification and requirenents
covered in the Departnent of Defense (DD) Form 1391, and M| -HDBK-1190 will be
used to establish the design reliability requirenents. An alternative
conpari son assessnent will be devel oped to evaluate the reliability choices.

Al ternative power systens may be authorized, but are limted to serving
certain essential |oads for mssion critical, hospital, and other speci al
facilities and | oads as identified therein. The designer shall consider the

| ocation and space for essential electrical system conponents in order to
limt interruptions caused by localized natural conditions, such as fl oods
and eart hquakes. Essential systens will be designed to function after seisnic
events occur. Non-essential systens may be inoperable, but conponents will be
constrained to avoi d personnel injury, or damage to other building conponents.

b. DURABILITY. Installed electrical systens and electrica
equi pnment will have a minimumrating for continuous full design | oad, except
where other criteria nandate greater, to neet the reliability requirenents for
the design life of the facility. ML-HDBK-1190, paragraph "Construction Leve
and Building Types," identifies the design life for facilities.

C. MAI NTAI NABI LI TY. The design and construction for facilities
will provide a nmeans to renpve and nmi ntain equi prent, and field installed
Wiring without interruption to mssion critical |oads.

d. EFFI CI ENCY. The efficiency of the facility electrica
system neasured at the utilization transformer secondary and the alternative
power source, wll have a power factor (PF) not less than 0.90 at nom na
vol tage for bal anced three phase | oadi ng (phase unbal ance will not exceed 5
percent between A, B, and C phase). Were required power factor correction
shal |l be used to assure a m ni num PF of 0.90.

e. ECONOW. Evaluate alternative system configurations, and
conponent types and sizing for econom c value, consistent with other criteria
factors above, and as noted in M L-HDBK-1190.

10.1.2 DEFI NI TI ONS
10.1.2.1 NFPA- 99 and 70 discuss various mnimum safe practices, and safety
requirenents for "General Care", "Critical Care" and "Wt Locations." Defense

Medical Facility Ofice (DMFO) has identified the follow ng patient care areas
for hospitals as "Critical Care Areas" where patients nmay be subjected to
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i nvasi ve procedures and connected to |ine-operated el ectronedi cal devices:

a. Qperating roons.

b. Delivery roons and Labor and delivery roons.

cC. Cyst oscope roons.

d. Oral Surgery Maxill ofacial surgery, Perodontics, and
Endodonti cs.

e. Recovery (surgery, and | abor recovery beds).

f. Coronary care units (patient bedroons).

g. Intensive care unit (patient bedroons).

h. Enmergency care units (treatnment/trauma/urgent care roons
and cubi cal s).

i Labor roons (including stress test and
preparation).

j. Intensive care and isolation care nursery.

k. Cardi ac catherization

l. Angi ogr aphi ¢ exposure room

m Hermodi al ysis (patient station).

n. Surgery suite preparation and hol d.

0. Hyper bari c chanber.

p. Hypobari c chanber.

qg. Radi ati on Therapy (including sinmulator roonj.

r. Nucl ear nedi cine (camera room.

10.1.2.2 Al'l other patient care areas will be treated as "Ceneral Care."

10.1.2.3 WET LOCATI ONS. Those patient care areas that are nornmally subject
to wet conditions [see paragraph 10.3.13, “ GROUND- FAULT Cl RCUl T- | NTERRUPTERS
(GFCl) "] including standing water on the floor, or routine dousing or
drenching of work areas and those areas defined in NFPA-99 and 70. Routine
housekeepi ng procedures and incidental spillage of liquids are not defined as
wet | ocations. Operating roons, delivery roons, cystoscope roons, ora

surgery, cardiac catherization roons and other such roons are not wet areas.

10. 2 EXTERI OR ELECTRI CAL.

10.2.1 Exterior electrical systens shall conformto ANSI-C2, "Nationa
El ectrical Safety Code," except where Service technical criteria have nore
stringent requirenents.

10.2.1.1 COWON VOLTAGES. 4.16kv, 12.47kv, 13.2kv, 13.8kv and 34.5kv are
conmon distribution voltages for nmilitary installations. However, 12.47kv,
13. 2kv, and 13.8kv are the normal distribution voltages serving nedica
facilities.

10.2.2 NORMAL SOURCE SITE | NVESTIGATION. Site electrical evaluation
shal | meet the requirenents of Section 2, “DESI GN PROCEDURES, SUBM TTALS, AND
DOCUMENTATI ON. " Coordi nate el ectrical utility siting with other utilities.
Provi de underground distribution on site, and visual screening by location or
| andscapi ng el enents, where appropriate for the project, to inprove overal
site aesthetics.

10. 2.3 NORMAL HOSPI TAL SOURCE. For electrical design criteria
related to power supply, see docunents listed in “TABLE 10-1 APPLI CABLE
REFERENCES. " Hospitals will be served by two primary service feeders each
serving one end of a doubl e-ended substation or to a selector switch serving a
mul ti-ended network substation (See ANNEX B for additional criteria
requirenents related to the nulti-ended network substation). Each feeder
shall be able to carry the full hospital denmand plus 20 percent spare | oad
grow h, and shall be installed underground within the hospital site. Dual
primary feeders serving both ends of a doubl e-ended substation, through a
primary selector switch, as illustrated in Figure 10-1 of M L-HDBK-1191 nust
have prior approval of the design agency before incorporation into a design
Service feeders will be connected to different power sources, if avail able,
and to two differently routed distribution systemfeeders. Were two power
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sources are not available, the service feeders may be connected to two
different sections of a |loop system Manually operated prinary sel ector
switch and fused | oad break di sconnect switch will be provided for each
transformer as indicated in Figure 10-1. Transforners will normally be

| ocat ed outside the hospital, but may be |ocated within the building where

practicable and econom cal. Doubl e-ended unit substation distribution systens
wi || be designed for hospitals, nmedical centers and specially designated
facilities. Each transforner in the doubl e-ended unit substation will be

sized to serve approxi mately 60-70 percent of the substation denmand | oad
(l'inear and nonlinear) before forced air cooling is initiated and 100% of
demand |oad with forced air cooling initiated and will be inpedance nmatched.
Al'l doubl e-ended unit substations will have coordi nated surge and fault
protection. Systemprotection will be selective.

FIGURE 10-1: HOSPITAL ONELINE DIAGRAM
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SRRty | PRIMARY |
SELECTOR
Swien ! NON-ESSENTIAL LOADS SELEGTOR
TRANSFORMER | | | | | | swires ;ET\NASRFSRMER
PRIMARY M
DISCONNECT DISCONNECT
AND CIRCUIT ) ) ) NORMAL BUS ) ) ) AND CIRCUIT
PROTECTION €N ~ ~ PROTECTION
i-( > I I :(N/o-): I I il 2
SERVICE SERVICE
ENTRANCE ) ) ) ) ENTRANCE
TRANSFORMER 1 TRANSFORMER
TRANSFER T
SWITCH
EMERGENCY
BUS
LFE@ETY CRhTCAL D EQQENT
BRANCH BRANCH o SYSTEM
EMERGENCY SYSTEM @
|SYN|
%~ GENERATOR PARALLELING SWITCHGEAR
FI GURE 10-1
10. 2.4 NORVAL AMBULATORY AND CLINIC SOURCE. All other health care

facilities will be served by a single-ended substation distribution system
wi th coordi nated surge and fault protection. The prinmary service feeder wll
be designed to carry full demand plus 20 percent spare | oad growh capacity.
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10. 2.5 TRANSI ENT PROTECTI ON. Systens that incorporate solid state
devices are susceptible to electrical systemtransients that can cause system
mal functi on or equi pnent conponent danmage. Unl ess specifically required for
specific itens of equipment by the using Mlitary Departnent and/or by an A&E
(designer) evaluation of solid state requirenents for intensive care areas and
approved for installation by DMFO power conditioning equiprment will normally
not be installed as part of the building electrical systemat the utilization
point. Contractor-furnished, contractor-installed systens that utilize solid
state devices will be provided with transient protection. Static
Uninterrupti ble Power System (UPS) will normally be provided with the

equi pnment and system bei ng served. However, requirenent or provisions for UPS
will be determ ned on a project-by-project basis. Provisions for future
installed power conditioning equi prment will be deternined on a project-hby-
proj ect basis.

10. 2.6 GROUNDI NG, System ground shall be adequate for safety and for
reliable operation of sensitive Users' and facility equi pnent. Typica
conmmuni cati ons system equi pnent used in hospitals requires five ohm system
ground for proper operation. All grounding systens will be bonded together as
required by NFPA 70. See paragraph 10.4.8, “PATI ENT CARE AREA GROUNDI NG for
further requirenents.”

10.3 ALTERNATE POVNER SOURCE

10.3.1 ALTERNATE ELECTRI CAL SOURCE. The alternate electrical source wll
conformto NFPA-70 and 99 except where Service criteria listed in “TABLE 10-1"
have nore APPLI CABLE REFERENCES stringent requirenents. Additional |oad
capacity may be provided those hospitals assigned nobilization or nass
casual ty response mnissions, or |located in an area where extended power outages
are frequent. The energency power source will be designed as a separately
derived power source. True RVS netering will be provided for |oad nmonitoring.

10.3.2 AVBULATORY CARE CENTERS and CLINICS. An alternate power source
shal |l be provided if required by NFPA-99 [ TABLE 10-1 APPLI CABLE REFERENCES] | f
an on-site generator set is not required by NFPA-99 and 70, approval by

TMY DMFO for a generator nust be justified by the using Mlitary Departnent.
The justification will address mission contingency requirenents, |ocal power
requi renents, and safety for hunan life.

10.3.3 MEDI CAL AND DENTAL CLINIC. \Where any concentration of inhalation
anesthetic or intravenous sedation is used or any electrical |ife support or
resuscitative equipnent is used in nmedical or dental clinics, an alternate
source of power is required in accordance with NFPA-70, paragraph 517-50, and
NFPA-99 . The alternate source of power will be either a generator, battery
system or self-contained battery internal with the equi pment and will have
the capacity to sustain its full connected |oad at rated voltage for a m ni num
of 1 and 1/2 hours. The systemw || be so arranged that the alternate source
of power shall be automatically connected to the I oad within 10 seconds. The
essential electrical systemw || supply power for task illunination related to
life safety which is necessary for safe cessation of procedures and al

rel ated anesthesia and resuscitation equi pnent.

10.3. 4 HOSPI TALS. The alternate power source will consist of two or nore
engi ne generator sets designed to provide electrical power for hospita
essential electrical systens, plus 20 percent future load growh (Fig 10-1)
during the interruption of the nornmal power supply, as required by NFPA 70 and
NFPA 99. Were the essential electrical systemload is | ess than 150KVA, one
generator may be considered. The experience | evel of avail abl e maintenance,
availability of parts, and factory service will be factored into CONUS and
OCONUS designs. The generator sets will be of equal capacity and ratings with
mat ched i npedance and | oss characteristics and designed to carry, in parallel
or through priority transfer equi pnent, the maxi num denmand | oad (linear and
nonlinear) of the essential electrical system Mtor starting and X-ray unit
nonentary kva | oads will be eval uated when si zing engi ne generator sets.
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Paral |l el operations of the generator sets will be as indicated by Fig 10-1.
Aut omati ¢ | oad sheddi ng with manual override controls and |oad shifting
capacity will be incorporated in-the-event that one generator fails. Each
generator will have the capacity to handle the life safety and critical care
denmand | oads.

10.3.5 ENG NE GENERATOR SETs. Engi ne generator sets for hospitals

(MEDI CAL FACILITIES) will be powered by diesel fuel and conformto Table 10-
2, "Diesel Electric Generator Sets for Medical Facilities (for 60-Hz power)."
The preferred generating voltage is the highest utilization voltage proposed
for the facility. Normally 480Y/ 277 volt, 3-phase, 4-wire systemis the

hi ghest utilization voltage. H gher voltages nmay be generated where |ine

| osses woul d ot herw se be excessive. The sets will include automatic start-
and- stop equi pnent, solid state battery chargers, fuel storage tanks, audible
and visual warning device to alert of less than 3 hours fuel supply, and day
tanks and radi ators as required. The engine will have a residential type
exhaust silencer and will be able to start and assune its full electrica

| oads within 10 seconds fromthe interruption of the normal electrical power
source. Cenerator controls will include reverse power relays to prevent
generator danage from comercial or on site generators per NFPA-110. |If
conputers are to be operated directly fromthe enmergency generator (not

t hrough a UPS or uninterrupted power supply), an isochronous governor is
required.
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TABLE 10-2
CONTI NUOUS AND EMERGENCY RATED
DI ESEL- ELECTRI C GENERATOR SETS FOR MEDI CAL FACI LI TI ES

DEFI NI TI ONS
1. Prine Power C ass engines are for use with diesel-electric generator
sets expected to provide power on a continuous basis (i.e., in excess of 4,000

hours annually or in excess of 40,000 hours during the initial 10 years of
operation) to serve as the sole or prinmary source of power.

2. St andby Power C ass engines are for use with diesel-electric generator
sets expected to provide power on a standby basis for a significant nunber of
hours each year (i.e., between 1,000 and 4,000 hours annually or between

10, 000 and 40,000 hours during the initial 10 years of operation).

3. Ener gency Power Cl ass engines are for use with diesel-electric generator
sets expected to provide power on an energency basis for a short period of
time (i.e., less than 1,000 hours annually or |ess than 10,000 hours during
the initial 10 years of operation).

DESI GN APPLI CATI ON

1. For 50-Hz power the indicated speed linmts should be reduced to the
near est synchronous speed for that frequency.

2. Hospital diesel-electric generator sets are nornmally EMERGENCY POVER
CLASS.

3. Hospital diesel-electric generator sets used for co-generation will be
Class "PRIME POAER' or "STANDBY POVER'.

4, Desi gn and Construction Cost for Co-generation. The cost differential
bet ween nmedi cal emergency power and co-generation capacity will not be funded
wi th nedical project funds.

10. 3.6 LOCATI ON OF ENG NE- GENERATOR SETs. Cenerator sets normally wil

be located in the central energy plant serving the hospital, provided that the
plant is located sufficiently close to the structure to minimze line |osses
and prevent excessive cable runs. Wen the central energy plant is renote
fromthe hospital structure, generators will be installed in a generator

buil ding |l ocated adjacent to the structure or within the structure at ground

| evel ( along the exterior wall) whichever is nore econom cal. The generator
and energency switch gear roons will be |located at or near the building
exterior to facilitate initial installation and renmoval and repl acenent of
defective equi pmrent and will be provided with 1 and 1/2 hours battery back-up
for general illum nation. The generator sets and auxiliaries will be arranged
and |ocated so minimumfacility nodifications will be required for future
installation or replacenent of an additional generator set and auxiliaries.
Service entrance transforners and ot her equi pment not supporting the essenti al
el ectrical system will not be installed in the sane area (roon) as the

engi ne-generator sets. Provide view window in or adjacent to the entrance
door.
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10. 3.7 ENG NE STARTING Electric start will be provided on engi ne-
generator sets rated bel ow 700Kw and either electric or pneunmatic start will
be provided on engine - generator sets rated 700Kw t hrough 1000Kw. For al
engi ne-generator units rated above 1000Kw, only pneumatic start will be
provi ded. Reference NFPA-99.

10. 3.8 MANUAL TEST SW TCHES. Manual test switches will be provided for
each automatic transfer switch of the essential electrical system A group of
test switches will be provided at a single point in the generator control area
and one test switch will be provided with each automatic transfer switch. The
two test switches associated with each transfer switch will be wired in series
to allowtesting at either location. Testing of either individual autonmatic
transfer switches or the entire essential electrical systemw |l be possible.
Each test switch will sinulate a normal power source failure and

autonmatically cause the engi ne generator sets to crank, attain rated frequency
and voltage, and to transfer associ ated essential electrical systemloads from
the nornmal source to the enmergency source. After 30 ninutes of operation in

t he emergency node, essential electrical systemloads being tested will again

be automatically transferred back to the nornmal source. |If for any reason the
generator units experience difficulty while in the energency node, the |oad
will imrediately be transferred to the nornal source automatically. During

this test run, nonessential hospital loads will continue to be served from
normal power supply wi thout experiencing interruption. A manual override
switch will be installed that can be actuated to keep essential hospital | oads
on the energency source as long as desired. This switch will pernit engine
generator sets to operate indefinitely beyond the 30 mnute autonatic transfer
restoration tinme.

10.3.9 GENERATOR SET OPERATI ON. Cenerator sets will be designed to
function essentially as follows: After 30 hertz (CYCLES) follow ng an
interruption of the nornal power supply, each generator set will receive the
starting signal sinultaneously, whereupon each set will automatically crank
and attain normal speed and voltage. Voltage for sensing devices to start
generator sets will be taken from each phase of the incom ng nornmal power

term nal of each automatic transfer switch. The first generator sets to reach
preset voltage and frequency conditions will be autonatically connected to the
energency bus. Systemprotection will be provided to prevent sinultaneous
connection of non-synchroni zed generators to the dead energency bus. A
priority selective device will be provided and programed or preset to
transfer the energency systemloads fromthe nornal bus to the energency bus
within 10 seconds fromtinme of NORMAL PONER interruption. The renaining unit
wi |l automatically synchronize with the enmergency bus, close the respective
generator breaker, and connect the units in parallel for normal operation
After this, the equipnment systemloads will be automatically transferred to

t he emergency bus by progranmed or preset increnmental steps. The equi pnent
system |l oads will be completely transferred within 45 seconds, based on a
priority sequence, after the generator sets are connected in parallel. Should
one or nore of the generator sets fail to crank or is shutdown for any reason
during the operation, the renaining unit will be scheduled to serve only
energency system | oads and, if possible, highest priority equiprment system

| oads until the failed unit is energized and connected to the emergency bus.
For such a condition, a progranm ng device will shed all or part of the

equi pnent | oads, to keep the remmining generator withinits kwrating. If the
automatic controls fail, a manual start switch will be provided to override
the automatic start of the engi ne-generator sets so they can be cranked,
synchroni zed and connected on the energency bus.

10. 3. 10 RETURN TO NORMAL POANER SOURCE. Thirty mnutes follow ng the
return of a stable normal power supply, both energency system | oads and

equi pnment system | oads will be automatically transferred to the nornmal power
source. An automatic timer, having an adjustable tine range of from2 to 30
m nutes (set at 30 minutes), will be provided to this transfer. Follow ng
transfer of the |oads, generator sets will continue to run, unloaded, for a
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peri od of 15 minutes before shutdown, after which the controls wll
automatically reset for a new cycle. A manual start switch will override the
autonmatic start of engine generator sets so they can be manual |y cranked,
synchroni zed, and connected to the energency bus, if automatic controls fail.
Addi tional nmanual controls will be provided as indicated el sewhere in this
section.

10. 3. 11 AUTOVATI C TRANSFER SW TCHES (ATS). Al ATSs will be doubl e-throw
wi th draw out construction. Contacts will have view ng ports for ease of
contact inspection. ATSs shall have been UL tested with the nmain up-stream
breaker to assure coordinated withstand conpatibility between the ATS and the
interruption tine of the breakers. Circuit breaker type transfer switches are
not acceptable . Each ATS will have indicator lights to identify Normal Power
(green in color) and Emergency Power (red in color). Al ATSs will be equipped
with a | oad break by-pass isolation switch (The by-pass isolation switch can
be initiated with not nore than two novenents of the hand to either position
regardl ess of the position or condition of the ATS.) to maintain normal or
energency power while the ATS is being repaired or naintai ned. Load bypass to
the ATS's connected source will be achieved with either no | oad interruption,
or a load interruption of not nore than 10 (CYCLES) hertz. ATSs feeding high
efficiency motors rated 25 horsepower or larger will be provided with an in-
phase nonitor to prevent an out-of-phase transfer. The in-phase transfer wll
be achi eved wi thout control of the frequency of either power source to prevent
excessive motor in-rush current. Use of closed-transition switching for
facilitating essential systemtesting requires special justification and
approval . The by-pass isolation switch for the ATSs serving nonessenti al

equi pnment can be optional.

10. 3. 12 ATS AND BYPASS/ | SOLATI ON SWTCH (BP/ 1 S), TESTI NG Laboratory
testing will be conducted on the ATS and BP/IS to be supplied for this
facility, or shall have been conpleted on a previous, randonmy sel ected
standard production ATS and BP/IS unit having the same nodel and capacity as
the ATS and BP/ IS specified. The overl oad, endurance, and tenperature tests
shal | be conducted in the follow ng specified sequence:

Dielectric Voltage - Wthstand (Repeated).
Strength of Insulating Base and Support.

a. Gener al .

b. Nor nal Operati on.

C. Overvol t age.

d. Under vol t age.

e. Over | oad.

f. Endur ance.

g. Tenperature Rise.

h. Dielectric Voltage - Wthstand.

i Cont act Qpeni ng.

j. Di el ectric Voltage-Wthstand (Repeated).
k. W't hst and.

l. Instrumentation and Calibration of H gh Capacity Crcuits.
m d osi ng.

n.

0.

No deviation fromthe test sequence will be granted. Approval will not be
granted to deviate fromthe overload, endurance and tenperature test sequence.

10.3.13 GROUND FAULT PROTECTI ON EQUI PMENT. The essential electrical
systemwi || not be provided with ground fault protection devices. The
generator circuit breaker and essential electrical nain distribution board
circuit breaker will be provided with ground fault detection features, when
required, to indicate a ground fault and sound an audi bl e alarm but not trip
t he breaker (See paragraph 10.3.1, "ALTERNATE ELECTRI CAL SOURCE").

10. 3. 14 REMOTE ALARM ANNUNCI ATOR. A renpte al arm annunci ator, storage
battery powered, will be provided in a location readily observed by operating
personnel at a regular work station. The annunciator will indicate alarm
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conditions of the alternate power source as indicated in NFPA-99 and 110, and
will include as a minimumthe following: battery and battery charger

mal functi on, engi ne generator run status, engine generator alarns, and | ess
than 3 hours fuel supply in the day tank and 24 hours supply in the main
storage tank. A separate audible and visible derangenent signal will be
provided within the hospital at a |l ocation that is continuously nonitored.
Location will be as indicated in Section 11, “COVMUNI CATI ONS, | NFORMATI ON
SYSTEMS, and SI GNAL SYSTEMS.” This derangenent signal will be appropriately

| abel | ed but need not display individual alarm conditions.

10. 3. 15 FUEL STORAGE TANKS. The fuel storage tanks and installations in
Hospitals will conply with NFPA-30, "Flanmable and Conbusti bl e Li qui ds Codes, "
and Local, State, and Federal Environmental Protection Agency requirenents.
The capacity of the fuel oil tank will be sized to the nearest standard size
for a fuel storage use capacity of normal usage which will be not |ess than a
4-day supply at full load. A larger or snaller tank nmay be supplied as the

| ocal fuel supply conditions pernmit. |If underground fuel storage tanks are
required, they shall be double wall with | eak detection in accordance with the
Envi ronmental Protection Agency (EPA) standards. Separate day tanks, with an
overflow back to the main storage tank, will be provided for each engine
generator set and will be sized (not |less than 4 hours operation at full | oad)
as foll ows:

50 kWto 100 kWgenerator: 25 gallon nin. - 50 gallon nax.
101 kWto 200 kW generator: 50 gallon nin. - 75 gallon nax.
201 kWto 300 kWgenerator: 75 gallon nmin. - 100 gallon nax.
Over 300 kW generat or : 100 gallon mn. - 250 gallon max.

A set of duplex transfer punps will be provided for each fuel storage tank
Each fuel transfer punp will be sized to acconmpdate all generators including
future set. Al electric fuel tank and related fuel transfer punps shall have
power available at all times. Provide fuel filtering equiprment as recomrended
for the generators and the local site conditions. Natural gas or conparable
gas fuel will not be used as an operating fuel for hospital energency power
generati on.

WARNI NG Nunber 2-diesel fuel can be used in lieu of Nunmber 2-heating
fuel . However, nunber 2-heating fuel can not be used in emergencies as a
substitute for nunmber 2-diesel unless the flash point is 125°, cetane nunber
is 40 and the average Btu/gal is 141,800 (See ASTM D975 for nore details).
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10. 3. 16 LOADS ON THE ALTERNATE SOURCE. The alternate power source will
have sufficient capacity to supply the essential electrical systemof the
hospital as outlined in NFPA-70, as nodified herein, and as required by itens
listed in Appendi x A of ML-HDBK-1191. Avoid oversizing of generator sets such
that | oad banks are needed for testing under |oad as required by accreditation
authorities. Note that operating generators at |ow | oads |eads to foul ed
conbustion, and unreliable perfornance. The essential electrical system
consist of two parts: the energency system and the equi pnent system The
energency systemw |l consist of two branches: the life safety branch and
critical care branch. The life safety branch shall have no | oads connected to
it other than those loads identified in NFPA-70 and 99. The failure of a
critical branch conponent between the area and the transfer switch could
render the entire section w thout power. Supplying a mxture of nornmal
critical, and even equi pment branch power to critical areas is nore reliable
and is recomended i n NFPA-99. The essential equi prment systemw |l serve al
essential equipnent listed in NFPA-70 and 99. Additional | oads may be added to
the critical branch or equi pnent systemby the using Mlitary Departnment as
needed if it inproves hospital operations. The power and |ighting | oads for
the following areas will be connected to the critical branch

Qperating roons.

Del i very roons, and Labor and delivery roons.
Cyst oscopy roons.

Oral Surgery, Maxillofacial surgery, Perodontics, and
Endodonti cs.

Recovery (surgery, and | abor recovery beds).
Coronary care units (patient bedroons).
Intensive care unit (patient bedroons).
Enmergency care units (treatnment/trauma roons and cubical s).
Labor roons (including stress test and
preparation).

I nt ensi ve care nursery.

Cardi ac cat herizati on.

Angi ogr aphi ¢ exposure room

Hermodi al ysis (patient station).

Surgery suite preparation and hol d.

Hyper bari c chanber.

Hypobari c chanber.

Speci al procedure roon(s).

Phar macy di spensi ng.

Radi ati on Therapy (including sinulator roonj.
Nucl ear nedici ne (canera roonj.

oo

TJe e
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10. 3. 17 ESSENTI AL LOADS. Essential |oads are divided into three
categories: Life safety, Critical Care and Equi pnent. These | oads receive both
normal and energency power. However, dual source critical power is required in
sone areas (Appendix "A" of ML-HDBK-1191, and Service Medical Cuide plates as
applicable). This informati on can be found in the CGuide Plates, when issued
for use. The following infornmation derives fromthe current editions of NFPA-
99 and NFPA-70; Designer’s shall refer to the latest editions of these
standards as they becone avail abl e.

10.3.17.1 LI FE SAFETY BRANCH LOADS. The life safety branch provides
energency power to ensure patient and personnel safety during the interruption
of normal power source. The followi ng Iighting, receptacle and equi prment
[imtations are as defined by NFPA-70 and 99:

a. Egress illunination includes 25% of corridor and 50% of
stairway illumnation, plus 25% of assenbly areas such as dining roons,
chapel s and auditoriumns.

b. Exit signs shall be selected to provide visibility in snoke
condi tions
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C. Fire al arm and pi ped nedical gas al arm systemns, including
snoke al arns, nedical vacuum systemalarnms and alarns for ventilation for
snoke evacuation for those areas where patient evacuation is not feasible.

d. Emer gency communi cations to be used to notify the genera
popul ation (radi o paging and i ntercom systens), including tel ephone system
power and |ighting for comruni cation closets and crisis control centers, and
associ ated equi pnment. Various related systens are included as directed.

e. Sel ected power, task lighting and receptacl es at generator
set locations; in transforner, sw tchboard , mechanical and electrica
equi pnment roons; repair shops and ot her equi pment roons; and charger for
battery powered emergency |ight sets.

f. El evator cab lighting, control, conmunication and signa
syst ens.

g. Cenerator set auxiliaries, battery charger and jacket water
heat er.

10.3.17.2 CRI TI CAL BRANCH LOADS. Energency alternate power will supply task
illum nation, fixed equipnent, selected receptacles and special power circuits
serving areas and functions related to inpatient care during the interruption
of normal power. The following are in agreenent with NFPA-70 and NFPA-99:

a. Nurse call, tel ephone equi pmrent and sel ected conputer
equi pnent and sel ected data outlets
b. Oxygen and nedi cal gases equi pnent.
C. In patient roons (on inpatient nursing units), one dupl ex

receptacle will be provided per bed including nmobilization beds |located in the
pati ent service console. Two additional wall-nmounted duplex receptacles will
be provided in single bedroons and pediatric bedroons.

d. Al'l receptacles in patient service consoles, isolation
nursi ng roons, cystoscopy, |VP roons, cardiac catheterization room
radi ographi c speci al procedure roons, oral surgery room and recovery roons.
Provi de additional nornmal powered receptacles for backup of critical circuits.

e. Al'l receptacles in selected roons in the surgery suite, the
delivery suite, nursery, coronary care unit, intensive care units,
henodi al ysis, and energency.

f. Al'l equi pnent for the refrigerated storage of bl ood,
bi ol ogi cal , pat hol ogy speci mens and nedi ci nes.

g. Two X-ray roomnms (including one fluoroscopic room and
required automatic x-ray film processor station

h. Dental oral evacuation system and dental conpressed air
system

i Laboratories, incubators, analysis, blood bank, chemistry,
henmat ol ogy pl us sel ected receptacl es.

j. One flash sterilizer in each surgical suite and delivery
suit cluster core.

l. Sel ected receptacles in adnmitting and di sposition, pharmacy,
treatment rooms, nurse stations, and oral surgery roons, Maxill ofacial
surgery, Perodontics, and Endodontics clinic treatment areas with central
pi ped nedi cal gas outlets.
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m Medi cal preparation stations and nourishnment stations.

10.3.17.3 EQUI PMENT SYSTEM LOADS. Equi pnent system feeders and branch
circuits connected to the energency/alternate power source will supply | oads
automatically in a delayed selective order through automatic transfer

swi tches. The followi ng equiprment |ist derives fromthe current editions of
NFPA- 99 and 70; Designers shall refer to the latest editions as they becone
avai |l abl e.

a. One passenger type and one hospital service el evator per
hospital wing (or section if applicable) to operate on a sel ective basis.

b. Fire punmps and controls will be the first to connect and the
| ast piece of equipnent to be shed. The load for fire punps will be based on
the lock rotor current of the notor plus the controls.

C. Refrigeration, food service and norgue refrigeration

d. Essential power for auxiliaries and controls to provide safe
operation of the heating plant.

e. Medi cal vacuum waste anesthesia evacuation, and nedical air
system dental vacuum and dental air systens energency power support shall be
det erm ned upon a project by project basis in coordination with Using Service
requi renents and ot her provisions of this Section.

f. HVAC systens, including cooling and heating capacity for al
critical care spaces, and heating of patient bedroons

g. Donestic water, sunp and sewage equi pnent needed to conti nue
hospital operations.

h. Speci al purpose exhaust systens, hoods in |aboratories,
i ncl udi ng radi oi sotope hoods, and isolation room exhaust fans.

i The pneumatic tube system
j. Hel i pad |ighting and vi sual navigational aids.

If night operations are required, 10 nminutes of battery backup will be
provided to obtain no break system
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10. 3.18 ALTERNATE SOURCE TESTING  Alternate power source energency
systens shall be tested before final acceptance, for proper operation, as
requi red by NFPA 99 and 110. All connected |oads will be namde operational

and will be operating within normal denand | oad tol erances. Alternate systens
will be designed to facilitate periodic systemw de and conponent test and

i nspection.

10. 4 | NTERI OR ELECTRI CAL SYSTEMS. Interior electrical systens shal
conformto NFPA codes except where mlitary departnmental criteria are nore
stringent.

10. 4.1 UTI LI ZATI ON VOLTAGE. 480Y/ 277V, 460V, 208Y/ 120V, 240V and 120V

| ow vol tages and 4. 16kV and 6. 9kV nedi um vol t ages are common utilization
voltages found at mlitary installations. However, 480Y/ 277 volt and 208Y/ 120
volt are the standard utilization voltages for new and exi sting nedical
facilities.

10.4.1.1 I NTERIOR DI STRIBUTION. Interior lighting and power |oads will be
served at the highest voltage practicable. Fluorescent and high intensity

di scharge (HID) lighting systens and buil di ng power | oads will be supplied by
a 480Y/ 277 volt system Dry-type transformers will be utilized to furnish
208Y/ 120 volt power for incandescent lighting, receptacle, and snmall equi prent
| oads. These transformers will be "K' factor rated if required for specific
non-1linear | oads (See sanple analysis matrix Table 10-4). Were transforner
type voltage regulators are used to nmintain nomnal voltage within plus or

m nus 5% an automatic step or induction transforner regul ator shall be used
whi ch have adj ustable high and |l ow voltage limt controls and a voltage neter.
A 208Y/ 120 volt systemw |l be provided where the use of higher voltage is not
cost effective. Main distribution switchgear and sw tchboards will be the
drawout, solid state, adjustable trip circuit breaker. Panel boards for
branch circuits will be of the circuit breaker type. Gound fault protection
will be provided in accordance with NFPA-70 and 99. All protective devices

wi |l be coordinated for selective overload, short-circuit, and ground fault
protection. Gound fault protection of the essential electrical systemwill
be as required above.

10.4.1.2 COORDI NATI ON AND SHORT-ClI RCUI T SYSTEM ANALYSI S.

Short-circuit and protective devices coordination studies will be in
accordance with TM 5-811-14. Additionally, a coordinated protective devices
setting will be provided by the designer. Selection of protective devices and
swi tchgear for a new electrical systemshall be based on a short-circuit
protective device coordination analysis. For additions or nodifications to
exi sting system the analysis shall include all of the protective devices
affected in the existing system All protective devices

shal | be properly coordinated to provide selective tripping. No, series rated
protective equi pmrent and/or devices will be allowed! Surge protection should
al so be incorporated in the coordination anal ysis.

10.4.1.3 LOCATI ON AND SPACE REQUI REMENTS. El ectrical equi pnent roons will
be | ocated at or near the building exterior to facilitate initial installation
of large equi pnent, and renoval and repl acenent of defective equipnent.
Adequat e space will be provided for nmintenance of electrical equi pnment and
equi pnment renoval. Pipes and other equipnent foreign to the electrica

equi pnent will not be located in, enter, or pass through such spaces or roons.
Where practicable in finished areas of hospitals, panel boards, signal and
conmmuni cati on cabinets will be grouped, surface-nounted, in separate

el ectrical and conmunication ventilated wiring closets. Joint use closets are
not acceptable and will not be provided. Closets in which dry-type
transfornmers and-automatic transforner type regulators are installed, should
be | ocated away from noi se sensitive areas and provi ded with adequate
ventilation to nmamintain an anbient tenperature not to exceed 86 degrees F.

For hospitals with nore than three floors, electrical and conmunication

cl osets should be stacked vertically whenever practicable. Panel boards in
critical care areas will be located in the vicinity of their |oads, and will
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be accessible to the operating staff only. Such panel boards will not be
| ocated in the patient bedroons.

10.4.1. 4 ELECTRI CAL ROOVS. A mini mum of one branch circuit electrica
room shall be provided for each snoke zone of a hospital building space, and
each 22,500 square feet (2025 square nmeter) of other nedical facilities
bui | di ng space. The footprint for each piece of equipnent wth working space,
and NFPA-70 cl earance requirenents shall be shown. No branch circuit
electrical roomw || feed | oads beyond the snoke zone in which it is |ocated.
The branch circuit electrical roons will be accessed off of a primary through
corridor, and the entry door or doors will swi ng 180 degrees as not to inpede
traffic flowin the corridor or violate clearance requirenents of NFPA-70. In
multi-story nedical facilities, the branch circuit electrical roons should be
stacked. A mninmum of 20 percent additional free wall space should be provided
to acconmpdate custoner flexibility requirenments.

10.4.2 CONDUI T, CABLE TRAY AND WRE. All wiring will be insul ated copper
in conduits and installed per NFPA-70 and M L-HDBK 1190. Metal encl osed
feeder, plug-in busways or surface netal raceway nmay be used. A green

i nsul ated copper ground conductor will be run with all branch circuits. Wring
in all patient care areas and the |ife safety branch and critical branch of
the essential electrical systemw |l consist of insulated conductors installed
in a separate netallic raceway. Wiere cable trays are used the nornmal and
energency power conductors will be in separate conpartnents. Cable and raceway
circuit identification shall be at each end and at all transitions.

10.4.2.1 Conductors installed to furnish energency power will not be
installed in the sanme raceway with normal power conductors.

10.4.2.2 Al'l normal and energency power junction boxes, pull boxes and

simlar parts will be readily accessible. Cearly identified access panels
will be installed as necessary for proper naintenance and operation of the
el ectrical distribution system

10.4.3 BRANCH CIRCU TS. Al circuits serving patient care areas shal
conply with NFPA-99 and 70 except where reference criteria requires nore
stringent standards.

10.4. 4 WET TREATMENT AREAS. Circuits serving "wet" treatnent |ocations,
see subparagraph 10.4.7.9.a, “WET LOCATIONS,” will be furnished wi th ground
fault interrupters. Ground fault interrupters on circuits serving |life support
equi pnment will not be installed,as required by NFPA-99 and 70

10.4.6 RADI OLOGY PROVI SI ONS

10.4.6.1 X- RAY FEEDER. Radi ographic or fluoroscopic equi pnment will be
supplied by a 3-phase, 5 wire neutral and ground, 480Y/277 volt feeder from
the main distribution switchboard to an enclosed circuit breaker disconnect

| ocated adj acent to the associated X-ray control room X-ray |loads wll not
be included in the demand | oad. Effect of X-ray unit nomentary kVA | oad on
transformer voltage regulation will be evaluated. Transforner size will be

i ncreased as necessary and feeders sized for satisfactory system perfornmance.
Separate service transforners to the X-ray units will not be provided. A door
interlock systemwi Il be provided to prevent production of X-rays when any X-
ray room door is open. Magnetic type door switches, and conduit and wiring
fromthe switches to the control console will be provided. Doors inmediately
adj acent to the control roomnmay not be required to be part of the interlock
system A single phase 120/208 volt branch circuit panel board will be
provided in each roomfor X-ray unit peripheral equipnent. Additiona

el ectrical design requirenents are contained in the (Universal) x-ray room
criteria portion of the Section Medical and Dental Equi pnent and Appendi x "B".

10.4.6.2 MOBI LE X-RAY UNIT OQUTLETS. Mobile X-ray equi pnment in nursing
units will nornmally be battery operated. Duplex receptacles rated 20-anpere
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125-volt for battery recharging will be provided in designated areas. Should
battery operated units not be used as determ ned by the Using Service, each
nursing unit corridor will be provided with 60-anpere, 250-volt, 2-pole, 3-
wire, single phase, tw st |ock, grounding type flush nmounted receptacle.
Mobile X-ray unit loads will not be included in denand | oad.

10.4.7 RECEPTACLES. Receptacles will be provided as follows.

10.4.7.1 GENERAL PURPOSE RECEPTACLES. General purpose nulti-outlet branch
circuits will be rated 20-anps with conveni ence strai ght bl ade type

receptacl es rated 20-anpere, 125-volt, 2-pole, 3-wire, grounded type. All

ot her receptacl es including those dedicated to nedical equipnment will not be
of less than 20-anpere rating. Receptacles will nornmally be strai ght bl ade

t ype.

Provi de a m ni mum of one general purpose 20-anp, 125 volt dupl ex receptacle
outlet per wall in each room In roons where walls exceed 3 neters, provide an
addi ti onal duplex outlet for each additional 3 neter of wall space fraction
there of. Receptacle spacing shall not exceed 3.5 neters. The general purpose
receptacles are in addition to the special purpose and dedi cated outlets for
speci al equipnent. Do not provide receptacles in public toilets, staff
toilets outside of the command areas and janitor closets.

10.4.7.2 HOSPI TAL GRADE RECEPTACLES. Hospital grade receptacles will only
be provi ded where required by NFPA-70 and as defined bel ow. Final design
electrical drawings will indicate "Hospital Grade" (HG receptacles in the
followi ng | ocations Provide Specifications Grade Heavy Duty receptacles in all
ot her | ocati ons:

a. CGeneral care patient bed |ocations.

b. Critical care patient bed | ocations.

C. Any | ocation where a patient bed or patient care service console
i s | ocated.

d. Anest heti zi ng | ocati ons:
(1) Operati ng Roons.
(2) Del i very Roons.

(3) Oral surgery.
Cystoscopy (in Operating roons and Cinics).
Cardi ac Catheterization Lab.
Angi ography / Special Procedures.
CT Scanni ng Room
MRl Scanni ng Room
Medi cal Mai nt enance.
) I ntensive Care.
) Emer gency Traunma Roons.
2) FI uor oscopy Roons.
(13) Endoscopy Roons.
(14) Pul nonary / Respiratory Therapy.
(15) Nucl ear Medi ci ne.

,\
N
N
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10.4.7.3 DUPLEX RECEPTACLES. Not |ess than one duplex receptacle will be
provided in each wall of all roons and interior areas, except closets, scrub
roons, toilets and simlar spaces. Electrical closets will be furnished with
not |ess than one duplex receptacle froma dedi cated 20 anpere, 125 volt
branch circuit. Conmunication closets will be furnished with 20 anpere, 125
volt dupl ex receptacles on each wall and power will be supplied by two

dedi cated 20 anpere branch circuits on the sanme phase. (Additional

conmuni cation closet criteria can be found in Section 11.). One dupl ex
receptacle will be provided per every 3 linear feet of casework in nurse's
stations, subnurse's stations, reception counters, and control counters. Each
adm ni stration type desk location will be provided with two dupl ex

receptacl es. Each data workstation will be provided with an additional
identified duplex outlet. Each data outlet device plate will be marked "data
power" with a steel stanp or silk screened 1/4 inch high letters.Circuits for
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data outlets will be an independent single phase 20 anpere, 125 voltcircuit
serving not nore than four duplex receptacles and having a non-shared neutral
VWhere a 20 anpere, 125 volt receptacle is incorporated in the same netal box
with a television or data outlet, a partitioned nmetal box with separate power
and signal conduits will be provided as required (Criteria can be found in
Chapter 11, "Conmunications."). See Guide Plates for requirenents in special
ar eas.

10.4.7. 4 SAFETY RECEPTACLES. Hospital Grade tanper resistant receptacles
will be provided in all hospital areas occupied by children, including

pl ayroons, baths, toilets, pediatric waiting and pediatric bedroons.
Receptacles in psychiatric seclusion roons (patient care areas, wards and
roons) will also be of the hospital grade tanper resistant type. The safety
receptacles used in these areas will be designed to prevent shock hazards from
metal lic objects which mght be inserted in the receptacle slots.

10.4.7.5 MAI NTENANCE RECEPTACLES. FI oor mai ntenance receptacl es | ocated
in corridors will be flush nmounted and will not be of |ess than 20-anpere
rating. Determination of receptacle type, voltage, current rating, and
spacing will be coordinated with the Using Service to provide the best
utilization of existing floor maintenance equi pnent. Provide receptacles
within 25 feet of all installed equi pnent which requires maintenance.

10.4.7.6 BACK- TO- BACK RECEPTACLES. OQutlets installed back-to-back through
walls will be permtted only in roons or areas where sound control or fire
rating integrity is not required.

10.4.7.7 RECEPTACLE | DENTI FI CATI ON. Receptacl es connected to the energency
systemwi || be red and may be furnished with either netal or plastic plates.
Metal plates will be finished in baked enanel and acrylic plastic plates will
be inpact resistant with integral color. Each device plate will be marked
"EMERGENCY" and will identify the panel board and circuit nunber at the top
with steel stanped or silk screened letters not less than 1/4 inch high

I ndentation of the steel stamp will be filled with black enanel or acrylic
paint. Silk screened letters will also be of black enanmel or acrylic paint.
Pressure sensitive tapes with nmarkings are not acceptable.

10.4.7.8 250 VOLT RECEPTACLES. All 250 volt receptacles will be furnished
wi th mat chi ng pl ugs.

10.4.7.9 GROUND FAULT CIRCUI T I NTERRUPTERS (GFCl). Hospital Grade O ass
"A"GFCl receptacle protection will be provided at |ocations required by NFPA-
70 and "WET" | ocations. GFCI "WLL NOT BE PROVIDED' on circuits serving
critical life support equipnent.

10.4.7.9.a WET LOCATIONS. Those areas that are nornally subject to wet
conditions, including standing water on the floor, or routine dousing or
drenching of the work area are classified as a wet |ocation. Routine
housekeepi ng procedures and incidental spillage of |liquids do not define a wet
| ocation. G-Cl receptacles will be used in the follow ng |ocations:

1. Hydr ot her apy.
2. Ther apeuti ¢ pool areas.
3. Toil et areas with showers.
(a) Staff lockers with toilet areas.
(b) Patient toilet bathroons.
4. Shower s.
5. Staff lounge with kitchen facilities.
6. Qut door receptacl es.
7. O her |ocations required by NFPA-99.
8. Recept acl es accessible froma building roof.
9. Crawl spaces.

10.4.7.9.b DAMP LOCATIONS. Danp locations are functional areas infrequently
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using liquids in operational activities and housekeepi ng procedures but
require special attention such as Toilets, Locker areas which are adjacent to
showers areas, Sub-sterile and Scrub areas to Surgery and Delivery and so
forth. GFCl receptacles are not required.

10.4.7.10 PATI ENT BEDROOMS. Critical care patient bed locations will be
provided with a m ninum of eight identified duplex receptacles, and genera
care patient bed locations will be provided with a mni mum of four duplex
receptacles. Receptacle adjacent to the wash basin in patient bedroomtoilets
shal |l be provided with ground fault circuit interrupter protection for
personnel. Al receptacles will be hospital grade

10.4.7.11 RENAL DIALYSIS UNITS Two identified hospital grade receptacles
shal | be provided on each side of the patient bed or |ounge chair. Provide one
or nore normal and energency critical branch powered receptacles.

10.4.7.12 NURSERI ES. Each intensive care nursery provided with 16 sinplex
receptacles. Each internediate care nursery will be provided with eight

si mpl ex receptacles. Each nursery in adm ssion, observation, and continuing
care will be provided with four sinplex receptacles. Normal care nurseries
will be provided with one sinplex receptacle. Receptacles will be 20-anpere
125-volt, 2-pole, 3-wire, straight blade, grounded type. Floor nounted
receptacles will not be used. Ceiling nounted receptacles or groups of
receptacl es shoul d be considered for nursery | ocations not adjacent to a wal
or columm. A mnimum of one 60-anpere, 250-volt, 2-pole, 3-wire, tw st |ock,
grounded type, flush nounted receptacle for nobile fluoroscopy unit will be
provi ded in each nursery.

10.4.7.13 OPERATI NG ROOM AND DELI VERY ROOM  Each operating and delivery
roomw || be provided with 36 sinplex or duplex receptacles, 12 in each
service columm, and six on each wall nmounted 3 feet above floor. Receptacles
will be 20-anpere, 125-volt, 2-pole, 3-wire, straight blade, grounded type
Each operating and delivery roomw || also be provided with one 60-anpere,
250-volt, 2-pole, 3-wire, twi st |lock, grounded-type flush mounted receptacle
for nobile fluoroscopy unit or |aser photo coagul ator

10.4.7.15 LABORATORY RECEPTACLES. Above | aboratory benches, 20 anpere
dupl ex receptacles will be strip nounted 18 inches on center. Install strips
of multi-outlet assenblies above | aboratory bench countertops, with 20-anpere
dupl ex receptacles placed 500 nm (18-inches) on center, or closer. Adjacent
dupl ex receptacles will be connected to different circuits and not nore than
two dupl ex receptacles will be connected to each circuit.

10.4.8 PATI ENT CARE AREA GROUNDI NG  General care areas and critical care
areas including all anesthetizing locations will be provided with a groundi ng
system as required by NFPA-99 and 70. Grounding systemdesign and initial
testing will be included in the contract docunents.

10.4.9 | NHALATI ON ANESTHETI ZI NG LOCATI ON.  Al'l i nhal ati on anest heti zi ng
locations will be classified and designed as a nonfl anmabl e i nhal ation

anest hetizing location. Operating roons, delivery roons, oral surgery,
cardi ac catheterization and other special procedure roons are not considered
wet areas. |solated power systens will not be provided except for areas
designated as critical care wet areas by the Using Service. G ound fault
circuit interrupters will not be provided. Design will conformto the

requi renents of NFPA-70 and 99. Each operating and delivery roomw || be
provided with two three phase panel boards | ocated within the room Each pane
will be fed froma separate critical branch subpanel and whenever practicable
fromseparate critical branch automatic transfer switches. Panels will be
connected to the same phase. G ounding in inhalation anesthetizing |ocations
will be in accordance w th paragraph "Patient Care Area Groundi ng" above.

10.4.9.1 FLAMMABLE ANESTHETI ZI NG LOCATI ON.  Fl ammabl e anest heti zi ng
| ocations nay only be used for training in major teaching nmedical centers and
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only after approval has been obtained from TMA DMFO by the using Mlitary
Depart nment.

10. 4. 10 ELECTROVAGNETI C SHI ELDI NG FOR MEDI CAL | NSTRUVENTATI ON.

Desi gnated areas of hospitals and health research [ aboratories nay require

el ectronagnetically shi el ded encl osures. The degree of the attenuation
required for the enclosure will be based on the nmanufacturer's reconmendation
for the instrunentation to be used in the designated space. Shielded
enclosures will conformto the requirenents of ML-E-8881. Final design wll
specify the type of enclosure and the class of attenuation required. Wen
shi el ded encl osures are not provided, other neasures will be taken to linit

RFI and EM in roons which contain sensitive nedical equipnent, including the
EEG room and el ectron microscope room |ncandescent lighting fixtures will be
used. Roons will not be |located near or directly above or bel ow el ectrica
equi pnment or nechani cal roons. High voltage feeders will not be routed in the
vicinity of these roons.

10.5 LI GHTI NG

10.5.1 DESIGN . Lighting design will conformto the requirenents of

t hese standards. Electronic ballast are not recommended in areas of nedica
facilities where electronic (life support) nedical equipnent is used or areas
where invasive procedures are perfornmed, due to possible interference with the
equi pnment. Sone exanpl es are operating roons, delivery roons, |aboratories,
speci al procedure roons, MRl areas, Medical equi pnent repair and test areas
and other areas of simlar use. In no instance shall the lighting footcandle

| evel exceed plus 10 percent for 538.7 Lux (50 footcandles) and plus 53.8 |ux
(5 footcandl es) percent for |ower |evels. Emergency egress lighting will
conformto the requirenents of NFPA 101 and the exit lighting will conformto
the foll ow ng requirenents:

a. Stencil faced exit signs are reconmended.

b. The transillumnated letters will normally be red except
where state or country standards mandate green

C. The contrast level of the letters shall be

symmetrical with not less than a 0.7 value, plus
or minus 5 percent.

d. The | um nation output for normal and enmergency node will be
not less than 70 cd/sq m neasured across the face of the
si gn.

e. The surface finish shall be a matte texture.

—h

LED exit signs nmust neet the above performance
criteria and carry a manufacturers certificate of
conpl i ance.

Li ghting design and switching will incorporate energy efficient features
whenever practicable and consistent with lighting criteria and the

functional /operational intent of the hospital. Fluorescent lighting will be
provi ded to the maxi num anount practicable, except that infrequently used
smal | storage spaces and janitor's closets may be provided with incandescent
fixtures. Exterior lighting will normally be high pressure sodi um vapor
fixtures. Recessed fluorescent fixtures will be provided in roons with lay-in
acoustical tile ceilings. Fluorescent fixtures nmay be recessed or surface
nounted in roonms with gypsum board on plaster ceilings. Industrial type or
open strip type fluorescent fixtures will generally be used in roons with
unfinished ceilings. Fixtures in |large storage/supply roons will be nounted
to readily pernit relocation within several feet. Fluorescent |lanps wll
normal |y be 34/40 watt energy saving or 32 watt T8, cool white type, except
that 32 or 40-watt chronma 50 type color corrected | anps nay be used.

Nornal Iy, 32 or 40-watt lanps on dinming circuits will be provided as required
by Appendi x "A" and as indicated herein. Lighting fixtures with col or

i mproved lanps will be identified for |lanp replacenent by an appropriate
mar ki ng on the fixture reflector. Marking should indicate |anp repl acenment
with the actual design |lanmp by name only and should not be visible through the
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fixture lens. Fluorescent |anps of the U Tube type should not be used. Use
of HID fixtures in patient care areas is not permtted. Refer to Section 7,
“ENERGY and WATER CONSCI QUS DESI GN,” for energy consci ous design

consi derati ons.

10.5.2 BATTERY OPERATED LIGHTING Fifteen to 25 percent of the genera
lighting in the operating roons, obstetrical delivery roons, energency
treatment rooms, cystoscopy, and cardiac catheterization rooms_and any ot her
roomw th invasive procedures will be provided with 1 and 1/2 hour battery
backup for general illum nation which will operate without interruption during
peri ods of nornmal and energency power |lapse. All pernmanently installed
surgical task light fixtures will be provided w th no-break power to bridge
the power interruption between |oss of normal power and the transfer to
energency power. Batteries for lights in operating and delivery roons will be
| ocat ed outside those roonms. Fifteen percent of lighting in nurseries will be
provided with 1 and 1/2 hour battery backup. Battery capacity nmay be reduced
to 1/2 hour illumnation if backed-up by two or nore enmergency generators. A
m ni mum of 1 battery powered light will be provided in the generator set and
energency switchboard | ocation and central comuni cati ons room

10.5.3 PATI ENT BEDROOMS. I n patient bedroonms, one wall nounted
direct/indirect lighting fixture or a nedical wall nobdule system with
lighting features as described herein, will be provided at each bed. Each
unit will include upward directed fluorescent |anps for general illum nation
and downward fluorescent |anps for patient use. The upper fluorescent |anps
will be controlled at the door and at the wall unit with a three-way switch
The | ower fluorescent |anps for each patient's use will be switched at the
bed. Al switches will be of the quiet-operating type. Use of |ow voltage
switching utilizing the nurse call handset will be considered. N ght lights
nounted in the patient service console will be provided at each bed and will
be photo cell controlled and manually controlled at the corridor door

10.5. 4 OTHER ROOMB. Fixtures in nurseries, surgery, obstetrical suites
energency treatnent roons, exam nation roons, and |aboratories will be
recessed fluorescent type. Nurse station lights will be switch controlled to
achieve 33, 66, and 100 percent illumination levels. Corridor lights

adj acent to intensive care bedroons and nursing unit will be one-third
increnent switch controlled. |In recovery roons, coronary and intensive care
units and X-ray therapy roons, where patients may be in a supine position for
ext ended periods, |owbrightness diffused lighting will be provided. For
exam nation purposes in intensive care units, isolation roons, single patient
bedr oons, | abor roons and recovery, a four-lanp fluorescent |ighting fixture,
operated by a conveniently |located switch, will be provided above each bed.

Fi xtures in seclusion roons will be of the recessed i ncandescent type, of

t anper proof construction with inpact-resisting tenpered | enses. Secl usion
roons will be provided with tanmper resistant incandescent night |ights.

Dar krooms will be provided with an i ncandescent photographic safelight in
addition to the normal white light for general roomillumnation. The
safelight is normally considered an item of medi cal equi pment. The "darkroom

in use" light, |located outside and above the darkroom door, will be controlled
by the switch which controls the safelight in the darkroom The "darkroomin
use" light is not required at light-tight type doors. For darkroonms with film

| oadi ng bins, bin drawers will be interlocked with darkroomwhite |ight and
safelight so that when a bin drawer is opened, white light is extinguished
and safelight remains lit. X-ray roons will be provided with indirect

lighting. The location of X-ray roomlights nust be coordinated with X-ray
equi pnment. Therapeutic X-ray roons will be provided with an "X-ray |n-Use"

light, located outside and above each door. The "X-ray In-Use" light will be
controlled by the X-ray unit on-off |line power controller. Conduit and
wiring fromthe "X-ray In Use" light to the X-ray unit control console will be
provided. Diagnostic X-ray roons will not be provided with "In-Use" lights.

El ectroencephal ogram roons wi Il be provided with di med i ncandescent fi xtures,
refer to Section 16 for nore details.
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10.5.5 DENTAL CLINIC. Ceiling nounted fluorescent lighting fixtures will
be symmetrically arranged within all finished areas except open denta
operatories. In such operatories, fixtures will be concentrated above the

dental chairs. Lighting intensities at the working surface in each denta
operatory will be not |ess than 1076 Lux (100 footcandl es) nor nore than
1614. 4 Lux (150 footcandles) with a minimumof 2 level switching circuits.
Where color matching is a critical function, such as in the prosthetics

| aboratory and dental treatnent roons, color inproved fluorescent |anps will
be specified.

10.5.6 EXTERI OR SI GNAGE. Exterior signage for "EVMERGENCY SERVI CES" will
be stencil-faced with red transillumnated letters, and will be readily
visible, identifiable, and legible at all entrance drives. The contrast |eve
of illunm nated signage shall be symmetrical and not deviate nore than plus or
m nus 5% percent. Signage for facilities having after-dark operations will
have transillumnated letters indicating the facility name. Illum nated signs
wi || be designed for rapid replacenent(tinme not to exceed 15 mnutes). Sign
location will be coordinated with illum nation of access roads, parking areas,
and building entrances to minimze requirenents for additional illunm nation of
si gnage.

10.5.7 PARKI NG AREAS AND WALKS. Nornal site areas intended for night use
will be illumnated by an average of 5.38 Lux (0.5 footcandl es) and 10.76 Lux
(1 footcandle) for handicap areas, neasured on 1 foot intervals, of incident
light on the area served. Parking areas will be illunm nated with high pressure
sodi um fi xtures equi pped with lamps with dual restrike el ements.

10.5.8 DIMM NG Eye | ane and eye exami nati on room and group therapy

observation roomillumnation will be furnished with recessed fl uorescent

fixtures and di nmabl e i ncandescent fixtures. Switches and dinmers for eye

| ane and eye exami nation roomw |l be located close to the exam nation chair.
Maxi mum f oot candl e | evel in group therapy observation roomw th respect to

footcandl e | evel in group therapy (mrror) room should not exceed

manuf acturer's recommended ratio for one-way mirrors utilized. Fluorescent

general lighting in fluoroscopic and radi ographi c special procedures roons

will be dimed at the control stand or at the door entrance, as required.

10.5.9 ULTRAVI OLET FILTERS (WV) W filters shall be provided in infant
care areas to prevent retina damage to premature infants and ot her areas where
cataracts are of a mmjor concern

10.5. 10 MAI NTENANCE AREA LIGHTING Interior utility tunnels and wal k-in
pi pe chases will be illum nated by one footcandle of incident |ight for the
saf ety of mmintenance personnel. Switches for these lights will be equi pped

with pilot Iights and |located in areas that are nornmally occupi ed.
Receptacles for tenporary work lights will be located at reasonable intervals.

10.5. 11 AUDI TORIUM The down |ight fixture over the podiumw || be
controlled fromthe podium and the entrance.

10.5.12 HELI PAD LI GHTI NG MARKI NG AND CONTROLS. Whiere helipad lighting is
required for night operations in visual neteorological conditions (VMJ), the
lighting will be designed to ANNEX A criteria Perimeter, limt, floodlights
glide slope indicator, w nd-indicator and rotating beacon aviation lighting
systens will be incorporated into the design. Wen nmarki ng the helipad for day
tinme operations retroreflective paint markings in Figure 10-2 will be used.
Lighting will be connected to the essential power supply. See Chapter 2 for
site requirenents and ANNEX A for "HOSPI TAL HELI PAD SYSTEM REQUI REMENTS. " The
center perinmeter |ight on each side and the wing-out light are red to
synbolize the nighttine international Red Cross synbol. The lighting controls
may be pilot and/or hospital radio controlled, or nmanual at helipad site.

10. 6 LI GHTNI NG PROTECTI ON.  Facility lightning protection requirenents
wi |l be assessed per NFPA-780. Wiere lightning protection is required; it wll
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TABLE 10-1 APPLI CABLE REFERENCES

M L- HDBK- 1191

| TEM REFERENCE NO TI TLE OR DESCRI PTI O\
1. M L- HDBK- 1190 FACI LI TY PLANNI NG AND DESI GN GUI DE
2. NFPA- 30 FLAMVABLE AND COVBUSTI BLE LI QUI DS CODES
3. NFPA- 37 STANDARDS FOR THE | NSTALLATI ON OF COVBUSTI ON
ENG NE AND GAS
4, NFPA- 70 NATI ONAL ELECTRI CAL CODE
5. NFPA- 99 STANDARDS FOR HEALTH CARE FACI LI TI ES
6. NFPA- 101 LI FE SAFETY CODE
7. NFPA- 110 EMERGENCY AND STANDBY PONER SYSTEMS
8. NFPA- 780 LI GHTNI NG PROTECTI ON CODE
9. ANSI - C2 NATI ONAL ELECTRI CAL SAFETY CODE
10. ANSI Y32.2 GRAPHI C SYMBOLS FOR ELECTRI CAL AND
ELECTRONI CS
11. M L- HDBK- 419 GROUNDI NG, BONDI NG AND SHI ELDI NG FOR
ELECTRI CAL EQUI PMENT AND FACILITIES (VQL |
and 1)
12. M L- HDBK- 1013/ 1A | DESI GN GUI DANCE FOR PHYSI CAL SECURI TY OF
FACI LI TI ES
13. M L- HDBK- 1008 FI RE PROTECTI ON
14, | EEE ©62.41.91 | EEE RECOMMENDED PRACTI C ON SURGE VOLTAGE IN
LOW VOLTAGE AC
POMNER Cl RCUI TS
15. | EEE STANDARD | EEE RECOMMENDED PRACTI CE FOR GROUNDI NG OF
142 | NDUSTRI AL AND COMVERCI AL POAER SYSTEMS
16. | EEE STANDARD | EEE RECOMVENDED PRACTI CE FOR ELECTRI C PONER
241 SYSTEMS | N COMVERCI AL BUI LDI NGS
17. | EEE STANDARD | EEE RECOMVENDED PRACTI CE FOR PROTECTI ON AND
242 COORDI NATI ON OF | NDUSTRI AL AND COMVERCI AL
PONER SYSTEMS
18. | EEE STANDARD | EEE RECOMVENDED PRACTI CE FOR | NDUSTRI AL AND
399 COWERCI AL PONER SYSTEM ANALYSI S
19. | EEE STANDARD | EEE RECOMMENDED PRACTI CE FOR EMERGENCY AND
446 STANDBY POVNER SYSTENMS
20. | EEE STANDARD | EEE RECOMMENDED PRACTI C FOR THE DESI GN OF
493 | NDUSTRI AL AND COMVERCI AL PONER SYSTEMS.
21. | EEE STANDARD | EEE RECOMMENDED PRACTI CE AND REQUI REMENTS
519 FOR HARMONI C CONTRCL | N ELECTRI CAL PONER
SYSTEMS.
22. | EEE STANDARD | EEE RECOMVENDED PRACTI CE FOR ELECTRI CAL
602 SYSTEMS | N HEALTH CARE FACI LI TI ES.
23. | EEE STANDARD | EEE RECOMMVENDED PRACTI CE FOR PONER SYSTEM
1100 AND GROUNDI NG SENSI Tl VE ELECTRONI C EQUI PIVENT.
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24,

El A TI A 568A

COVMUNI CATI ON BUI LDI NG TELECOVMUNI CATI ONS
STANDARD

25.

El A TI A 569A

COVMUNI CATI ON BUI LDI NG STANDARD FCR
TELECOVMUNI CATI ONS PATHWAYS AND
SPACES.

26.

El A/ TI A 606

ADM NI STRATI ON STANDARD FOR
TELECOVMUNI CATI ONS | NFRASTRUCTURE OF
COVMERCI AL BUI LDI NG

27.

I LLUM NATI ON ENG NEERI NG SOCI ETY LI GHTI NG
HANDBOCK
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ANNEX A
HOSPI TAL HELI PAD SYSTEM REQUI REMENTS

1. GENERAL. This criteria is intended to augnent the requirenents of
other Arnmy, Air Force, and Navy aviation lighting and marking criteria by
covering those requirenents unique to hospital helipads. Standards, which have
been established for general airfield use, shall be foll owed where applicable.

2. DEFI NI TI ONS

a. HELI PAD. A prepared surface area for fixed facilities or narked turf
area for tenmporary facilities centered within a clear |anding area used for
takeof f and | andi ng helicopters.

3. SPECI AL CRI TERI A

a. LI GHTI NG

(1) PERI METER. The specific hospital helipad perineter lighting pattern is
illustrated in attached Figure 10-3, HOSPI TAL HELI PAD LI GHTI NG PATTERN, and
defined for visual neteorol ogical conditions (VMC) operations in attached
TABLE 10-3, HOSPI TAL HELI PAD LI GHTI NG REQUI REMENTS. Spacing, installation and
other criteria and standards can be found in Arnmy, Air Force, and Navy
aviation criteria.

(2) FLOODLI GHTI NG. Hel i pad fl oodlighting shall be in accordance wth
using service (Arny, Air Force, and Navy) aviation criteria. TABLE 10-3.

(3) LIMT LIGHTS. Limt lights shall be in accordance with using service
(Army, Air Force, and Navy) aviation criteria.

(4) WVISUAL GLI DE SLOPE | NDI CATOR SYSTEM (VGSI S) . The VGSI S shall be a two
box Chase Helicopter Approach Path |Indicator (CHAPI) as required by attached
TABLE 10-3. O her gui dance can be found in the using service (Arny, Air Force,
and Navy) aviation criteria.

(5) ROTATI NG BEACON. The hospital rotating identification beacon shall be
specified in accordance with STD DET 40-06-05 and installed per using service
(Army, Air Force, and Navy) aviation criteria.

(6) WND I NDI CATOR. The wind indicator shall be illum nated in accordance
with using service (Arnmy, Air Force, and Navy) aviation criteria.

b. RADI O CONTROLLER. The radio controller shall be in accordance with FAA -
AC150/ 5345- 49A, "SPECI FI CATI ON L-854, RADI O CONTROL EQUI PMENT, " and function
as fol |l ows:

RADI O CONTRCOL OPERATI ON

The pilot can activate the hospital helipad lighting by keying the nicrophone
fromthe helicopter after tuning to the assigned frequency.

The pilot can key his nicrophone three tines within a five second interval and
on the third pulse a relay is energi zed which turns on the wi nd indicator
illum nation, CHAPI and the perineter light pattern

The floodlights can be activated by keying the m crophone five tines.

The light will remain on until the pilot keys his mcrophone seven tines. This
will activate the turn off tine delay relay which de-energize the |ights at
the end of the 15 minute del ay.

When the |ights have been activated by the radio controller the "OFF" function
of the renpte "ON-OFF" switch in the manual controller, located in the
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hospital ER, will be bypassed.

The brightness of the CHAPI, floodlights and perineter |lights can only be
controlled fromthe nanual control panel in the ER

If the mcrophone has been keyed seven tines, turn off signal, the radio
controll er can be reset by keying the nicrophone three or five tines.

The hospital ER shall be equi pped with the nanual controller (SEE attached
FI GURE 10-4, HOSPI TAL HELI PAD LI GHTI NG CONTROL DI AGRAM) and a base radio
station to be capable of nanual or radi o operations.

4, DAY MARKI NG OF HELI PAD. Day marking of the hospital helipad shall be in
accordance with attached FI GURE 12-2, HOSPI TAL HELI PAD DAY MARKI NG
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WHITE TOUCHDOWN PAD BOUNDARY

10’ (3m) 107 (3m)

. RED RED
g (1.7m) < B
g RED
S
—
RED
<~

.
3 N e18 (46cm)

6” (15cm)

WHITE 6" (15cm)
Sk 6” (15cm)

WHITE BOUNDRY 18~ (46cm)

WHITE

HOSPITAL HELIPAD DAY MARKING

1. The cross and touchdown pad boundary narkings are white
and may be edged with a 6-inch (15cn) red border to

i mprove visual acquisition. The 10 foot (3m) high letter
"H' is red.

2. The touchdown pad boundry marki ng may be either a solid
or segmented |ine.

3. Retroreflective paint shall be used for day marking
(Red 11350 and White TT-P-85E or TT-P-1952).

FI GURE 10-2. HOSPI TAL HELI PAD DAY MARKI NG
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O__25’ SPACE, AVIATION RED LIGHT

O—r O O

17
7
25 SPACE 25' SPACE
AVIATION AVIATION
REDLIGHT RED LIGHT
O$ @)
\PERI METER LIGHT FIXTURES
@) O O—'— O @)
~I>\25’ SPACE, AVIATION RED LIGHT
@)
HOSPITAL HELIPAD LIGHTING PATTERN
1. Al perineter lights are aviation yellow, Except for those identified

above as aviation red. The spacing criteria between perineter fixtures is
covered in other using service (Army, Air Force, and Navy) aviation criteria.

2.

Types of aviation light fixtures are covered in STD DET 40-06-05, ARW

AVI ATI ON LI GHTI NG FI XTURES and ot her using service (Air Force, and Navy)

aviation criteri a.

FI GURE 10-3. HOSPI TAL HELI PAD LI GHTI NG PATTERN
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ELECTRIC SERVICE POWER PANEL, NUMBER OF CIRCUIT BREAKERS
| | / AS REQUIRED
0 0H+0"0
o 0 DIMMER
0o
o |
% &
[ A |
DIMMER

DIMMER

RADIO CONTROL |

L

AVIATION RED and YELOW
PERIMETER (LIGHT PATTERN

GUIDE SLOPE INDICATOR
(CHAP)

FLOODLIGHTS

ROTATING

ON/OFF BEACON
BRIGHTNESS
CONTROLER
ON ON ON \HH'—J
0 o0 o (o) (o) (o) o
OFF OFF OFF INDICATOR
I
LIMIT

LIGHTS

HOSPITAL HELIPAD LIGHTING CONTROL DIAGRAM

FI GURE 10-4. HOSPI TAL HELI PAD LI GHTI NG CONTROL DI AGRAM
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TABLE 10-3
HOSPI TAL HELI PAD LI GHTI NG REQUI REMENTS
FACI LI TY DAY VMC DAY and NI GHT FI XTURE TYPE
NON- VMC
| NSTRUMENT NON- | NSTRUVENT
Avi ati on Red, O X SEE STD DET 40-
Peri net er 06- 05
Omi di recti onal
Pattern
Li ghts
Avi ati on Yel | ow 0] X SEE STD DET 40-
Peri meter Pattern 06- 05
Li ghts
Fl oodl i ghts X X SEE STD DET 40-
Li ghts 06- 05
Limt Lights O (@] SEE STD DET 40-
06- 05
W nd | ndi cator X X SEE STD DET 40-
06- 05
Rot ati ng Beacon X X SEE STD DET 40-
06- 05
G ide Slope @) X SEE STD DET 40-
| ndi cat or 06- 05
( CHAPI )
DAY MARKI NG X X SEE FI GURE 10-2
RETROREFLECTI VE
PAI NT
CONTROLS SEE FI GURE 10-4
EMERGENCY POVER SEE PARAGRAPH
10.5.12
NOTES:
X - REQUI RED
O - OPTI ONAL
SEE TM 5-811-5, "ARW AVI ATION LI GHTING " for technical requirenents,

or other using service (Air Force, and Navy) aviation criteria.

for fixture
aviation criteri a.

SEE STD DET 40-06- 05,
application type or using service (Air

"ARMY AVI ATI ON LI GHTI NG FI XTURES, "
Force, and Navy)
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TABLE 10-4
SAVPLE NONLI NEAR LOAD ANALYSI S MATRI X
SERVI CE TOTAL ESTI MATED MODULE NONLI NEAR XFMR
MODULE RECEPT NONLI NEAR XFMR % OF K FACTOR
TYPE KVA KVA Sl ZE TOTAL KVA RATI NG

Cinic
Logi stics
Dentistry
Pul nonary
I CU
Sur gery

Food Service

Labor/ Del i very

CCU

I CU

Ot hodonti cs

Physi cal Ther apy

CVB

Nucl ear Medi ci ne

Enmer gency

WAst e Managenent

Material s

Radi ol ogy

Col I ecting Labs

Pat hol ogy

Cheni stry Labs

Phar macy

Soci al Work

Audi tori um

Pati ent Services

Nur si ng (3 Mods)

Admi ni stration
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ANNEX B
MULTI - ENDED NETWORK SUBSTATI ON

1. GENERAL. The nulti-ended network (FULLY AUTOVATI C) substation (Figure
10-5 and 10-6) design philosophy elimnates nmany switching tine del ays;
sinplifies the nonitor and control functions; standardized equi pnent; reduces
equi pnment size; provides expansion capability for future | oad growth and

mai ntains reliability, durability, and naintainability. Wien using the multi-
ended network or the doubl e-ended substation to replace an existing
substation, all down stream equi pnent requires short circuit current

val i dati on, and power system coordi nation

2. NORMAL HOSPI TAL SOURCE ALTERNATE DESI GN CONFI GURATI ON.  For electrica
design criteria related to power supply, see docunments listed in “TABLE 10-1
APPLI CABLE REFERENCES." Hospitals will be served by two primary service
feeders each connected to one side of the automatic (with alternate nmanual
operator) | oad break primary selector switch with manual | oad break by-pass

i solation switches that serves a nmulti-ended network substation (Figure 10-5).
Each feeder shall have the capacity to serve the full hospital demand plus 20
percent spare load growh, and shall be installed underground within the
hospital site. The primary selector switch with by-pass isolation switches

wi || have the capacity to serve not |less than the sumof the three
transformer's kva rating, and have load limting equal to the full hospita
demand plus the 20 percent spare |load growh. The automatic function will

noni tor both primary feeders, and if power is lost to the feeder serving the
load, the load will be transferred to the other feeder in not nore than 30
cycles if power exists on that prinmary feeder. Service feeders will be
connected to different power sources, if available, and to two differently
routed distribution systemfeeders. Were two power sources are not
avai | abl e, the service feeders nmay be connected to two different sections of a
| oop system. Transforners will nornally be | ocated outside the hospital, but
may be | ocated within the buil ding where practicable and economical. Milti-
ended network substation distribution systens will be designed for hospitals,
medi cal centers and specially designated facilities. Each transformer in the
mul ti-ended network transforner substation will be sized to carry 50 percent
of the full hospital demand and spare |oad (linear and nonlinear) growth
capacity. Al transforners will be identical and inpedance natched. Al nulti-
ended network transforner substation will have coordi nated surge and fault
protection. The system protection will be selective.

3. AUTOVATI C PRI MARY FEEDER SELECTOR SW TCHES (APFSS). (This is not to be
construed as an autonatic transfer switch) The APFSS may be double-throw with
draw out construction. The APFSS rating will be not |ess that the sumof the
three transforner kva ratings, and have adjustable load or fixed limting
control (the loading control will limt the capacity to that of two
transfornmers). Contacts nmay have view ng ports for ease of contact inspection
The APFSS will have indicator lights to identify which normal prinmary feeder
is connected to the load (green in color). Load transfer to either nornal
primary feeder will be achieved with not nore than 30 cycles of |oad
interruption. Al APFSS will be equipped with | oad break by-pass isolation
switch to maintain normal primary service feeder connection or when the APFSS
is being repaired or maintai ned. The by-pass isolation switch can be initiated
with not nore than two novenents of the hand to either position regardl ess of
the position or condition of the APFSS. Two vacuum power circuit breakers with
| oad break by-pass isolation switch nay be used.

4, TRANSFORMERS

(a) Each service entrance transfornmer of the multi-ended substation
with fans is sized to carry 40 percent of the design load as to utilize
standard off-the-shelf units and increase transformer efficiency. Each of the
three transforners are equi pped with forced air-cooling fans to increase the
continuous capacity rating of each transforner by 34%to 50 + percentage of
the design | oad when activated. The fans are automatically activated when the
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| oad on any transforner exceeds the no fan rating. The tenperature indicator
and the current relay will activate the cooling fans. If the fans are not
activated when the tenperature indicator and/or the current relay exceed the
manuf acturer's setting, and alarns will be sounded so | oad sheddi ng can be
initiated. Each transfornmer nust carry a 10 percent overload for short periods
of time w thout fans.

(b) If a service entrance transforner fails, off Iine for maintenance,
or the normal bus receives no power fromany one of the service entrance
transformer feeders, the fans on the renmmi ning two service entrance
transformers will be automatically activated allow ng 100 percent of the tota
hospital load to be assuned. There is no time delay in the load shifting to
the remaining two transfornmers.

(c) Where each transformer of the nulti-ended network substation is
sized for no fan application, each transforner will be sized to carry not |ess
than 50 percent of the full hospital demand and spare |oad (linear and
nonl i near) growh capacity. Each transforner feeder serving the normal bus
wi |l be equipped with an alarmto indicate power |loss fromthat feeder to the
nor mal bus.

(d) The transfornmers in the nulti-ended network substation will be
i dentical and inpedance nmtched.

5. 52 DEVICES. The 52 devices (AC power circuit breaker devices, draw out
type) will be sized to support the transformer capacity.

(a) The equi pnent will be laid-out in a nmanner which allows |oad
center expansion, wthout requiring replacenment. New sections can be added to
ei ther end of the |oad center.

(b) The main | oad center bus will be sized for not |less than the sum
of the three transfornmer kva rating.

6. GROUND FAULT. Ground fault protection for nedical facilities wll
conformto those requirenments in NFPA-70 and 99, and ML HDBK-1191

7. STANDARDS. All nmetering will read true RMS5, and the protective rel ays
and devices will conmply with |EEE standards.
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THE MALN FEEDER PANEL BUS CAPACITY WILL BE NOT LESS THAN THE SUM OF THE TRANSFORMERS
CAFACITY.

FIGURE 10-5 MULTI-ENDED NETWORK SUBSTATION
SYSTEM DIAGRAM
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